Introduction
Banana (Musa spp.) is one of the most important fruit crops grown in India and ranks second in area and production. Nematodes are a serious constraint of banana production world-wide and crop losses caused by nematodes to bananas are very high, with an average annual yield losses estimated at about 20 per cent world wide [1] . The spiral nematode (Helicotylenchus multicinctus) is considered to be a serious nematode parasite of banana in several banana growing regions of the world and is responsible for a 33 per cent reduction in fruit yield [2] . Helicotylenchus multicinctus is considered to be an endoparasite in banana which is able to complete its life cycle within the root cortex where both the sexes, all juvenile stages and eggs can be found. Helicotylenchus multicinctus feeds within the outer layers of the root cortex, causing characteristic lesions, progressive root deterioration, toppling and reduced yields, which ultimately results in the rapid decline of banana plantations [2] . Management of this nematode relies mainly on the repeated use of chemical nematicides which maintain yields 50% greater than in untreated plantations [3] . However, the use of chemical nematicides has many drawbacks among which are the potential residue in fruits, ground water contamination, effect on non target organisms and toxicity to applicators. This necessitates efforts to find alternative methods of nematode control in banana.
Breeding hybrid bananas with nematode resistance is an alternate strategy of controlling these pest simultaneously ensuring environmental safety. Traditional genetic improvements must come from potential and improved diploids, which can be further crossed with commercial variety/hybrids to develop new hybrids [4] . In India, diploid breeding was initiated by hybridizing Matti (AA) as a female parent with diploid male parents like Anaikomban, Pisang Lilin, Tonget and Namarai, as they possessed resistance to nematodes. This study was conducted, therefore, to develop nematode resistant banana hybrids by hybridization of crossing nematode resistant male parents namely, Pisang lilin, Anaikomban, Pisang Jari Buaya, Ambalakadali, Rose, H-56, H-201 and Yangambi KM5 with commercial triploid bananas viz., Karpooravalli, Poovan, Hill banana, Manoranjitham and Rasthali. The results obtained are presented in this communication.
Materials and methods
Unopened anthers, just prior to dehiscence, were collected from the inflorescence and pollen smeared over the surface of receptive stigma of female flowers for production of new hybrids [5] The new Musa hybrids obtained and some earlier developed ones were assessed for ploidy level using stomatal density and flow cytometry analysis [6] . The hybrids were screened against spiral nematode, Helicotylenchus multicinctus infestation. The hybrid Rasthali (AAB, Syn. Silk) was taken as the susceptible reference cultivar and Pisang Lilin (AA) as the resistant cultivar in field and pot studies.
Field screening
The experiment was laid out in a randomized block design with three replicate blocks in H. multicinctus sick plot. The initial nematode population in the field was 98 ± 6 /200 cm 3 soil. Other nematodes were negligible. Nematode free suckers of twenty four hybrids and two reference cultivars were planted. Five plants of each accession were planted next to one another in each replicate block. No nematicide was applied. Other standard agronomic practices were followed to raise the crop. At the time of harvest, nematode population in soil/root, root/corm damage was assessed. To assess nematode population roots were collected from a standard size excavation of 20 x 20 x 20 cm extending outward from the corm of the plant, a sub sample of 5 g was taken. Then the roots were macerated 3 times for 10 seconds (separated by 5 second intervals). The suspension was poured through 300 and 40 µm sieves and rinsed with tap water. The nematodes were collected from 40 µm sieve with 200 ml distilled water and the nematodes were counted using a stereomicroscope. Soil from standard excavation size 20 x 20 x 20 cm was collected and a sub sample of 200 cm 3 was processed by Cobb's sieving and modified Baermann funnel method [7] .
The extent of nematode damage to roots and corms was assessed following the technical guidelines prescribed by INIBAP [8] . Root damage assessment was done after harvest. Roots were collected from a standard size excavation of 20 x 20 x 20 cm extending outward from the corm and were divided into dead roots and functional roots. Five functional primary roots at least 10 cm long were selected at random from each genotype in each replication. Scoring of feeder roots assigned a score of 1 if the roots were all healthy, 2 for mostly healthy roots, 3 if roots were mostly dead and 4 if all roots were dead. The lengths of the five selected functional roots were all reduced to 10 cm and the roots sliced lengthwise. The percentage of root lesions was assessed in one half of each of the five roots. The maximum root lesion index given per root half was 20, giving a maximum root lesion index of 100 (per cent) for all five together.
Corm damage assessment was done after harvest and after thoroughly shaking off all soil and washing the corms with water. The outward half of the corm was assessed for damage after trimming the roots off. The number of roots showing shallow superficial lesions around their bases on the selected outward half of the corm was counted. The oriental scale of plant response to lesion-forming nematodes used earlier by Pinochet [9] was adapted to the hybrids as tolerant, susceptible or resistant and reaction of banana to spiral nematode according to Pinochet [9] .
Pot screening
Screening experiment executed in pots (30 x 20 x 18 cm) filled with sterilized pot mixture (red soil : sand : FYM in the ratio of 2 : 1 : 1 v/v). Each hybrid was replicated three times according to completely randomized design with each replicate consisting of four suckers. Helicotylenchus multicinctus multiplied by carrot disc culture technique [10] and plants were inoculated in the rhizosphere of the hybrids by soil injection method @10,000 nematodes/pot. Same set of replicated banana hybrids were also maintained as un-inoculated check. The plants were fertilized with Hoagland's No. 2 nutrient solution fortnightly. The plants were allowed to grow for 90 days in glass house at 25-27 o C. Then the lesion index for five selected functional roots, corm grade and nematode population in 200 cm 3 sub samples and in 5 g of root sub samples were assessed as described earlier.
The activity of defence-related enzymes viz., peroxidase (PO), polyphenol oxidase (PPO) and phenylalanine ammonia lyase (PAL) and phenols in the roots were determined for each replicate after three months, just before root samples were scored for nematode damage. The total phenol in the roots was estimated using Folin Ciocalteau reagent and measuring absorption at 660 nm in a spectrophotometer [11] . For enzyme extraction, one gram of root sample per replicate was homogenized with 2 ml of 0.1 M sodium phosphate buffer (pH 7.0) at 4°C. The supernatant was used as crude enzyme extract for assaying peroxidase and polyphenol oxidase. Enzyme extracted in borate buffer was used for estimation of phenylalanine ammonia lyase. The PO activity was assessed according to Hammer-schmidt et al. [12] and the PPO activity was assessed using the modified method of Mayer et al. [13] .
Results and discussion

Development of nematode resistant hybrids
A total of 7550 crosses were attempted and 2026 seeds were obtained, of which 271 seeds had germinated. Twenty four hybrids were selected for further evaluation because of their parthenocarpic nature (Table 1) , while non-parthenocarpic hybrids were discarded. Screening of 24 hybrids showed that two hybrids (H 516 and H 531) were found resistant, six (H 511, H 534, H 537, H 571, H 572 and H 589) tolerant, while remaining hybrids were susceptible and highly susceptible under field (Tables 2, 3 and 4) . Hybridization was taken up between commercial and synthetic triploids with the select potential diploids. Poor fertility and poor viability of the seeds are very common in banana due to ploidy and ascribed to the presence of structural hybridity and chromosomal aberrations [14] . A critical perusal of the genomic constitution of these crosses could reveal that most of them had balbisiana genes in their pedigree. The presence of 'BB' genome might be the plausible factor for high female fertility in these crosses. Sathiamoorthy [15] also observed poor seed set in Poovan (AAB) but not in Karpooravalli (ABB) in the earlier studies.
Bunch weight varied among the hybrids. Tetraploid hybrid, H 589 registered the maximum bunch weight of 15 kg followed by the triploid hybrid H 531 with a bunch weight of 12.50 kg while the minimum bunch weight of 1.50 kg was recorded by the triploid hybrid H 532 and diploid hybrids H 563 and H 576 ( Table 1 ). The maximum bunch weight of 15.0 kg/ plant recorded by H 589 (AABB) may be attributed to heterotic vigour, which indicated that parents with wider genetic base as well as geographical diversity might be the important factors to get hybrid vigour in banana. Similar results on heterotic vigour were earlier reported in banana. The nematode resistant hybrid H 531 also recorded relatively higher yield of 12.5 kg/plant. Significant differences were observed in the number of nematodes in soil and roots from various banana hybrids (Table 2) (16, 596) . Based on the intensity of lesion on roots and corm, the hybrids were assessed for their levels of nematode resistance. The root lesion index was the maximum in H 508 (45%) and minimum in H 531 (4%). The hybrid H 508 registered the highest corm grade of 4, whereas H 516, H 531 and H 589 registered the lowest grade of 1. Resistance/tolerance to nematodes can be clearly established by studying the damage caused to the root and corms of the sucker. The INIBAP method largely encompasses the ability of the genotype to resist nematode infection based on root and corm damage assessment besides its ability to tolerate more population of nematodes. The nematode though can live in the soils, it cannot enter into the roots of resistant hybrids and multiply at a faster rate [16] . As the nematode population directly inflicts damage to the root system by causing lesions, assessment of root and corm damage becomes important. Field and pot screening showed that the resistant hybrids viz., H 516 and H 531 and tolerant hybrids viz., H 511, H 534, H 537, H 571, H 572, and H 589 had lesser number of nematodes in roots and soil resulting in minimum root lesion index and corm. According to Fogain (17) good root development potential favours resistance.
Biochemical contents
Significant variation was observed among the hybrids for peroxidase activity (Table 4 ) assessed under pot culture conditions. The highest peroxidase activity of 2.26 abs/min/g in control and 2.65 abs/min/g in inoculated banana plants were recorded in H 531. The lowest peroxidase activity of 0.75 abs/min/g in control and 0.81 abs/min/g in inoculated pseudostem was recorded in H 579. However, the per cent increase was the highest in H 572 (18.13%) and the lowest in H 530 (3.33%). The polyphenol oxidase activity varied significantly among the hybrids (Table 3) . The hybrid H 531 expressed the maximum activity of 0.096 abs/ min/g in control and 0.120 abs/min/g in inoculated.
The minimum of 0.026 abs/min/g was registered by H 563 under control and 0.030 abs/min/g under inoculated. Per cent increase in polyphenol activity was the highest in H 589 (29.41 per cent) and the lowest in H 515(6.06 per cent). The phenylalanine ammonia lyase activity was found to be highly significant among the hybrids (Table 4) .The hybrid H 531 expressed the maximum activity of 17.55 nmol/ min/ml under control and 21.10 nmol/min/ml under inoculated. The minimum of 9.20 nmol/min/ml under control and 10.05 nmol/min/ml under inoculated was registered by the hybrids H 540. Per cent increase in polyphenol activity was the highest in H 537 (21.85%) and the lowest in H 576 (3.01%). Significant difference was observed in total phenol content among the hybrids ( Enzyme activity is one of the important tools to confirm the resistance to root pathogenic nematodes. When a nematode infects the host tissue, a small number of specific genes are induced to produce mRNA's that permit synthesis of similar number of specific proteins [18] . Many of these proteins are enzymes such as phenylalanine ammonia lyase, polyphenol oxidase, peroxidase and b-1-3 glucanase [19] . These are involved in the synthesis of low molecular weight substances such as phytoalexins, phenols and lignin, which are inhibitory to the invading nematodes [19] . Hence, estimation of these biochemical markers, which provide mechanism for resistance to nematodes, is highly essential. Among the various enzymes, peroxidase is considered as one of the important defense related enzymes due to its role in catalyzing the condensation of phenolic compounds into lignin. Estimation of peroxidase activity in the current study elicits that all the resistant genotypes possessed higher peroxidase activity than the susceptible ones. Enhanced peroxidase activity has been associated with hybrids resistant to nematodes [20] .
Polyphenol oxidase (PPO) oxidises the phenols to highly toxic quinones and hence is considered to play an important role in disease resistance, particularly those affecting the tissues [21] . Thus, the overall analysis of estimation of these enzymes in resistant and susceptible hybrids indicated the role of these enzymes in conferring resistance to nematodes. A critical analysis of their activity within hybrids reveals that nematode resistant and tolerent hybrids viz., H 531, H 516, H 511, H 534, H 537, H 571, H 572 and H 589 recorded higher peroxidase and polyphenol oxidase activity than the susceptible ones. Similar findings were earlier reported in banana by Das et al. [20] . Total phenols play a unique role in response to nematode invasion. The results of the present study revealed a significant increase in phenol content in above described hybrids vis-a-vis in others. The accumulation of phenol may be due to the excess production of hydrogen peroxide by increased respiration or due to the activation of hexose monophosphate (HMP) shunt pathway, acetate pathway and release of bound phenols by hydrolytic enzymes [22] . In conclusion, the overall evaluation of 24 parthenocarpic Musa hybrids led to identification of the hybrid H 531 with high yield potential as well as increased resistance to H. multicinctus. 
